Sleep patterns in 10 patients with traumatic apallic syndrome were studied, together with 10 healthy controls matched for sex and age. All patients underwent neurological examination, brain CT, and polysomnographic recording within six months (mean 99 (SD 45) range 47-180 days) from the onset of symptoms. Clinical follow up was performed six months after enrolment in the study. Sleep patterns were recorded in nine out of 10 patients. In the tenth patient there was no rhythm resembling physiological sleep. This patient was the only one who remained in a persistent vegetative state and died before the six month follow up. The severity of neurological deficit at follow up was significantly related to the duration of coma. There was no significant difference between patients and controls with respect to sleep architecture. The time spent awake after sleep onset was longer in patients than controls. Our data highlight the presence of sleep fragmentation in traumatic apallic syndrome, which might be due to changes in brain structures responsible for sleep maintenance. The absence of sleep-wake cycles might indicate a poor outcome.
The apallic syndrome is a severe clinical condition that may develop during the recovering phase from deep coma as a consequence of traumatic or non-traumatic acute brain damage.'-3 According to Gerstenbrand,' traumatic apallic syndrome may have three stages: (a) the initial complex of symptoms, characterised by the appearance of both mesencephalic and bulbar acute syndromes4; (b) the true apallic syndrome, in which the patient becomes awake without being aware5; (c) the possible remission of apallic syndrome, with the gradual reintegration of damaged functions. The last stage differentiates traumatic apallic syndrome from persistent vegetative state, a condition that should be diagnosed only after several months of impairment of consciousness, when clinical recovery is likely to be excluded.67 Therefore, as our patients were evaluated during the first months after their brain injury, we decided to use the term traumatic apallic syndrome instead of persistent vegetative state. Traumatic apallic syndrome is a chronic decerebrate state caused by either a lesion or a functional block of corticosubcortical, diencephalic, or brainstem structures.8 Although brainstem cell populations are thought to play a crucial part in sleep regulation, no data are available on sleep architecture in traumatic apallic syndrome. On the other hand, previous studies showed the prognostic value of EEG sleep patterns in post-traumatic comatose patients, as well as the reliability of standard EEG findings as a prognostic index in patients with traumatic apallic syndrome.9 10 The aim of our study was to determine the sleep morphology and its clinical correlations in patients with true traumatic apallic syndrome or during its remission.
Materials and methods
We studied sleep patterns in There was no significant difference between patients and controls with respect to sleep architecture. The time spent awake after sleep onset was longer in patients, however, than in controls (table 2) . This is also emphasised by the number of awakenings (9-89 (SD 6&33) in patients and 4-1 (SD 1.97) in controls; p < 0-01, Student's t test) and by their duration (table 2) .
Although the percentage of REM sleep time was the same in patients and controls (table 2), we found a significant increase in the short REM period (less than 10 minutes) in the patient group. Twelve of the 35 (34.3%) REM periods recorded in patients lasted less than 10 minutes, whereas the short REM periods were five out of 42 (11 9%) in the control group (p < 005, x2 test). Furthermore, patients with traumatic apallic syndrome showed a mean of 2-56 (SD 2d19) awakenings from mid-REM sleep per night v a mean of 0-9 (SD 1 2) awakenings for the controls (p < 0 05, Student's t test).
At six month follow up, the severity of neurological deficit, evaluated by the Barthel index, was significantly related to the duration of coma (table 1; p < 0-03, Spearman correlation). There was no correlation of sleep patterns with clinical outcome, evaluated by Glasgow outcome scale and Barthel index, or with the neurological deficit on admission.
Discussion
Our data show that patients with traumatic apallic syndrome have an increase in time spent awake after sleep onset, because of a higher number of awakenings in both REM and NREM sleep. It could be argued that this fragmentation of night sleep depends on the hospital environment. A similar environment did not influence the sleep pattern of our controls, however, even though recording was carried out on the first night. A potential problem in our method is the lack of records of breathing during sleep, so sleep apnoeas could have contributed to the sleep disturbance in our patients. We did not find any breathing disorder during sleep, however, when patients were observed directly during the recordings. Furthermore, a feature of the patients' nocturnal awakenings was their long duration. Because we did not monitor naps, it is possible that frequent or prolonged daytime naps contributed to nocturnal sleep disturbance.
On the other hand, although the specific mechanisms that are responsible for sleep maintenance are not understood, the pons, midbrain, and basal forebrain are probably involved and morphological changes in these brain regions could cause sleep fragmentation. This is supported by previous studies showing a sleep fragmentation in patients with progressive supranuclear palsy. '4 15 Pathological examination in this disease showed degenerative changes in several brainstem structures presumed to be involved in sleep regulation, such as the locus ceruleus, periaqueductal grey matter, and pontine tegmentum.'6 Therefore, despite the limitations of our study, the sleep fragmentation in our patients might have been determined by either a lesion in or a functional block of corticosubcortical, diencephalic, or brainstem structures, which are usually involved in traumatic apallic syndrome. 5 Previous reports suggest that the absence of cyclic EEG sleep patterns in post-traumatic comatose patients is an unfavourable prognostic sign.9 17 MRI.1920 In conclusion, these results indicate that in traumatic apallic syndrome there are no specific sleep patterns and there is a sleep fragmentation that might be due to changes in brain structures responsible for sleep maintenance. The absence of sleep-wake cycles during the first period of traumatic apallic syndrome might be a prognostic index of poor outcome. A larger study, combined with MRI, is required.
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